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The development of benthic quality indices for European lakes is hindered by the lack of information concerning many national lake types and pressures. Most information is from north European lakes stressed by acidification and from deep lakes subjected to eutrophication; for other lake types (the ones included in the Mediterranean areas for example) and for other pressures (hydro-morphological alteration, toxic stress) there is practically no information about the response of benthic macro-invertebrates; this hinders the possibility of an intercalibration of the indices among the member states (MS) in the EU. In the present communication three benthic quality indices are proposed considering the littoral, sublittoral and profundal zone in 5 reference and 7 non reference lakes from the Alpine region in response to eutrophication. The sensitivity values of the 177 species found in these lakes were calculated taking a weighted average of the values of environmental variables from lakes in which the species were present. The indicator taxa which prevailed in these lakes were Chironomids and Oligochaetes. A coinertia analysis emphasized the importance of trophic variables (transparency, nitrates, total phosphorous) in explaining the species distribution, but geographic (altitude) and morphometric (depth, volume) variables were also important. The indices enabeled a separation of reference from non-reference lakes and to assign the non-reference lakes to different quality classes in agreement with the Water Framework Directive.
INTRODUCTION
Benthic macroinvertebrates were extensively used as indicators of ecological status in lakes. Naumann (1921) , Lenz (1925) , Lundbeck (1936) , Thienemann (1953) and Brundin (1949) observed a distribution of different chironomid species according to depth, oxygen saturation and trophic conditions. Brundin (1974) revised the state of knowledge about the indicator value of chironomids in the zoobenthos. Oligochaetes (Lang 1990 ) together with chironomids were another well represented taxonomic group in the soft bottom substrates of lakes used in bio-indication. Indicator values were assigned to different species of both groups (Brinkhurst 1974; Saether 1979; Wiederholm 1980) . Kansanen et al. (1984) , Aagaard (1986) , Johnson et al. (1993) , Rossaro et al. (2006 Rossaro et al. ( , 2007 Rossaro et al. ( , 2011 and many others have made contributions to the use of benthic macroinvertebrates as indicators in lakes, using sophisticated multivariate statistical analysis.
According to the assessment criteria outlined in the European Union's Water Framework Directive (WFD) the taxonomic composition and abundance of benthic invertebrate fauna, the ratio of sensitive to tolerant taxa and the diversity of invertebrate fauna must be recorded. Five ecological status classes must be defined: high (H), good (G), moderate (M), poor (P) and bad (B). The ecological status should be expressed as an ecological quality ratio (EQR) , that is a ratio between the observed value and a reference value.
With the aim of developing indices compliant with the WFD, many algorithms were proposed (Wiederholm 1980; Johnson et al. 1993; Rosenberg et al. 2004; Leonardsson et al. 2009 ) and were reconsidered for use in lake monitoring .
The aims of this paper were: 1) to propose sensitivity values for benthic macroinvertebrate species calculated from a database including both reference and non-reference lakes, 2) to test if species with different sensitivity values characterized reference and non-reference lakes, 3) to calculate different indices including or excluding the calculated sensitivity values, 4) to compare different benthic quality indices with multivariate analysis (coinertia) results, 5) to assign non-reference lakes to different quality classes, 6) to calculate the uncertainty of classification.
MATErIAlS ANd METHOdS

Study site, sampling and methods
Twelve lakes in the Alps were selected for the present study: 5 reference lakes all located in Austria and 7 non reference lakes all located in Northern Italy. At present no lake was selected in Italy satisfying the criteria to be considered a reference lake. The lakes considered are all in the Alpine (AL) Ecoregion. All these lakes belong to the intercalibration L_AL-3 group. For Italian lakes system B was used to classify lake types according to morphometrical, geographical and geological characteristics (Buraschi et al. 2005; Tartari et al., 2006) : according to this system the Italian lakes belong to AL-3, AL-6, AL-9 and AL-10 groups. Details of the geographical and chemical characteristics of the investigated lakes are on the web sites: http://www.ise. cnr.it/limno/limno.htm for Italian sites and from http://www. lebensministerium.at for Austrian sites; some features are summarized in Table 1 (morphometric characters) and in Table 2 (chemical data). The 5 Austrian lakes were considered reference sites from the trophic point of view according to criteria defined by Austrian Lebensministerium. In these lakes sites classified in an almost "natural" condition were found.
The data available belong to samples collected during full circulation in spring and during stratification in summer in the period between 2006 and 2010. The Austrian lakes were sampled in late spring 2008. The database includes soft substrate samples in areas free of macrophytes, collected with an Ekman (Ek) grab mostly in the littoral and sublittoral with few profundal stations in Como and Iseo.
data analysis
In 148 samples 177 species were present in ≥ 5 samples and were selected for data analysis. ( 1) where y ij is the number of individuals belonging to the species j in the site i, In this formula p is the number of species for which a sensitivity value is known, m the number of all the species present, including the ones for which no sensitivity value is known. The last term is about one when the number of specimens in a sample is large, while it is significantly less than one when there are few specimens in a sample, in this manner the index is sensitive to total abundance also, as required by WFD. BQIW j was calculated as weighted means of the three environmental variables used to calculate TSI; 3-as an alternative a BQIEJ index can be calculated with the same formula used for BQIES using new weight, which could be assigned to each species according to the expert judgment (BQIWEJ j ) (Saether 1979; Wiederholm 1980; Lang 1990; Rossaro et al. 2000; Lods-Crozet & Reymond 2005) ; it took into account the information derived from both lotic and lentic waters, when available in http://www.freshwaterecology. info/; the values are in agreement with the saprobic index (si); when si was not available, weights (= sensitivity values) were based on the information present in an ACCESS database filed by the first author.
To classify lakes according to the WFD it was necessary to define boundaries (L) between 5 quality classes. The definition of L was based on the correlation of BQIES with TSI trophic status.
The TSI values calculated from the 12 lakes were divided into 5 equal intervals (with boundaries L equal to 0.2, 0.4, 0.6 and 0.8) and the corresponding BQIES values were defined as boundaries of benthic macroinvertebrate classes. The For the same sampling points 13 environmental variables were considered (Table 1 -2). Latitude and longitude were not included in data analysis while depth of sampling station was. Environmental data were collected in the field during the sampling of benthic macroinvertebrates, while morphometric data were taken from the web site: http://www. ise.cnr.it/limno/limno.htm for Italian sites and from http://www. lebensministerium.at for Austrian sites.
A coinertia analysis (COI) (Dolédec & Chessel, 1994 ) was performed relating log10 (x+1) transformed abundances per m 2 of the 177 benthic macro-invertebrate species and the 13 environmental variables. The program R (version 2.14.0, R Development Core team, Vienna, Austria) with the package ADE-4 was used to perform calculations. COI was preferred to other multivariate analysis, because it is able to relate species abundances with environmental variables using datasets in which the species number is larger than the number of observations (Dray et al 2003) .
The same dataset was used to develop biotic indices. Four indices were calculated, one using only environmental data, two using environmental and biological data, one using biological data only. These indices were described in a recent paper . In the present paper only a short explanation of the indices used is given.
Indices based on environmental data alone: 1. TSI: Trophic Status Index (TSI) calculated as an average of three variables: dissolved oxygen in mgl -1 , transparency measured by Secchi disk in m, total phosphorus (TP) in µgl -1 ; the variables were rescaled between 0 and 1; because TP increases with eutrophication it was inverted and rescaled before being used in the average calculation.
Three biotic indices were calculated. 1-H: Shannon diversity index (H) (Magurran 1988) ; 2-BQIES was calculated with the following formula: 
chironomid species found and their sensitivity values (BQIWTS). Tolint: T, tolerant; I, intolerant species (see text).
Continued on next page.
boundaries, according to the WFD should really be placed at points of ecological change relating to the 'normative definitions' in annex 5 of the WFD. The boundaries and their widths should then be standardised afterwards. The statistical power of classification was estimated assuming a non-central t distribution of values of BQIES, using as non-centrality parameter δ the difference between the observed mean m and the lower boundary L nearest to the observed values, the difference being rescaled by dividing it by the standard error of mean (s/√n), where n is the number of samples and s the standard deviation of the measures (Carstensen 2007) :
The non-central t distribution was built around the δ value. A cutoff separated 20 % area of the central t student distribution and established the extension of the power area 1-β, were the power is the probability that the decision rule rejects the null hypothesis when the alternative hypothesis is true (Winer 1962) . In the present case the power is the probability to correctly assign a lake to the class above the boundary, when the index value calculated is indeed above this boundary.
It is here remembered that in statistical inference the non central t distribution is used to calculate the power of a statistical test of hypothesis, to represent the probability distribution of the alternative hypothesis a non centrality parameter δ is needed, hence the term "non central t", while the central t distribution is used to represent the probability distribution of the null hypothesis (Winer, 1962) .
Microsoft ACCESS 2010 (MSA) ® was used to store information (Rossaro et al. 2001) . Data were processed with Matlab R2011a ® . Matlab scripts and functions performing the calculations of indices are available on request to the first author. rESulTS 84 species were found only in reference lakes, 25 species were exclusive to non-reference lakes. The species list is given in Table 3 with the sensitivity values for each species (BQIWTS) and an indication if the species is "tolerant", that is the species has an exclusive presence in non reference sites or is "intolerant", that is the species is exclusively present in reference sites.
With the exception of Echinogammarus stammeri and Lymnaea sp. all the tolerant species belonged to Oligochaetes, Hirudinea and Chironomids. Odonata, Plecoptera, Ephemeroptera, Hemiptera and Trichoptera included intolerant species above all, with the exception of Ecnomus and Limnephilidae sp. which were exclusive to non reference sites and were classified as "tolerant". COI analysis was carried out with 13 environmental variables and 177 species present in 148 samples from 12 lakes. The first axis explained 66 % of total inertia, the second axis 15 % and the third axis 11 % ( Table 4) .
The first axis separated the Austrian reference lakes from the Italian non reference ones, Braies and Anterselva in Sud Tyrol (Italy) were only moderately impacted and were plotted in an intermediate position (Figure 1 ). High nutrient concentrations separated impacted lakes from reference ones, with high oxygen and transparency, but morphometric parameters were also included in the first axis, separating large deep lakes from smaller ones ( Figure 2) ; 85 species had a row weight larger than 1 and were plotted on the right; tolerant species were plotted on the left (Figure 3) .
The second axis separated lakes of higher altitude (Braies, Anterselva) (Figure 1) , with low alkalinity and conductivity (Figure 2) , from other lakes. The third axis separated well the most impacted lakes (Figure 1 ) with high total phosphorus and chlorophyll concentration and low oxygen and transparency ( Figure 2) ; Trophic status index (TSI) and three biotic indices were calculated. Correlations between all indices are in Table 5 . All the indices had a highly significant correlation to each other and with the TSI, but Shannon diversity index H and BQIEJ indices had lower correlation with TSI. BQIES was also significantly correlated with the COI axes. The correlation coefficient between BQIES and the first biological coinertia axis was 0.665 (p<0.01), with the environmental coinertia axis was 0.739 (p<0.01).
BQIES was selected for use in lake classification because it satisfied all WFD criteria and was well correlated with the indicators of trophic status (TSI). Figure 4 shows boxplots for each lake with its median value of BQIES, its 25 and 75 % percentile, maximum and minimum values and outliers. The lakes were plotted in order of their TSI value. It is possible to see an increasing trend in BQIES with the TSI index, also reflected by its significant correlation coefficient(see Table 5 ). Lake Monate had a lower than expected biotic index value given its TSI index.
In Table 6 the mean values, the number of samples and the standard deviation of the BQIES indices values estimated in all stations for each of the 12 lakes are reported. On the basis of the mean value each lake was assigned to a quality class, each defined by a central value and an upper and a lower boundary. The power of each classification is given in the last column.
The boundary values between classes were defined based on the relationship with BQIES with TSI (see Data Analysis).
The central values of each class were: poor = 0.189, moderate = 0.412, good = 0.635, high = 0.858. In this manner it was possible to assign each lake to a quality class according to benthic macrofauna indices. As Table 5 . Correlation between indices (upper right triangle) and significance of correlations (lower left triangle). TSI, trophic status index; BQIES, benthic quality index based on trophic status including an abundance factor; H, Shannon diversity; BQIEJ, index based on expert judgment (see text for more explanation).
an example the uncertainty of classification of a reference lake (GrundlSee) and of a non reference lake (Viverone) was estimated and reported in Figures 5-6 . The central and the non central t distribution of the BQIES values for each lake are given. The central t distribution assumes that the null hypothesis is true, that is the lake belong to the class with central value immediately lower than the BQIES observed, while the non central t distribution assumes that the alternative hypothesis is true, that is the lake belong to the quality class immediately higher. In the figures the value of BQIES of each lake is represented on the abscissa with its value δ (that is the non centrality parameter, which is a rescaled BQIES, obtained subtracting the L boundary of the lower class and dividing the result by standard error of mean). The central t distribution is cut by the cutoff line to separate its 20 % area (in green), the power of classification is the area under the non central t distribution at the right of the cutoff line (yellow area). In figure  5 the 100% of the non central t distribution is on the right of the cutoff, so the power of test is 100%, in Figure 6 a small area is on the left, reducing the power of a small quantity.
dISCuSSION
The use of benthos in lake monitoring has a long history (Johnson et al., 1993) as outlined in Introduction, unfortunately the use of benthos to assess water quality of lakes, even if expressly required in WFD, has been somewhat overlooked by member states, and no official method is actually proposed to assess eutrophication using benthos, and emphasis is on the littoral zone (http://www.alpine-space.org/uploads/media/ Alplakes_Ecological_indicator_of_Lake_status.pdf) or on other communities as phytoplankton (Wolfram et al. 2009 ). Among the three biotic indexes here suggested, the BQIES is the one more related with TSI index, so it is the best candidate to be proposed as a WFD compliant index. The BQIES index is not yet WFD compliant because it is not expressed as ecological quality ratio (EQR), that is as a ratio between the observed value and the value of a reference site. At present the Austrian reference sites are only tentatively proposed as reference, so they were not used as denominators in the calculation of EQR.
It is unlikely that bio-geographical factors played an important role in the determining the composition and abundance of species. Previous work has found no evidence of a different species distribution in lakes belonging to the Northern and Southern side of the Alps bound to geographical factors (Reiss 1968 . Differences in the species composition of benthic macroinvertebrates in the soft substrate of the investigated lakes were therefore likely to be determined largely by physical and chemical variables alone. Depth, conductivity, dissolved oxygen and trophic factors were found to be the environmental factors more responsible for influencing benthic macroinvertebrate composition in lakes in previous investigations (Free et al. 2009 Rossaro et al. 2007) ; coinertia analysis carried out on the 12 lakes confirmed that trophic and morphometric variables were the most important ones in modeling species composition.
To avoid the influence of different lake typologies on species composition and to focus on the effect of anthropogenic disturbance (eutrophication in the present case) lakes belonging to the same GIG lake type (L_AL-3) were selected, even if they belonged to different Italian lake types (AL-3, AL-6, AL-9, AL-10, Buraschi et al. 2005) , but previous investigations emphasized that membership of one of these different lake types was not an important source of variance for macroinvertebrates (Rossaro et al 2007 .
The calculation of the optimum response to trophic factors probability density under the null and alternative hypothesis; L: boundary between high and good classes, cutoff: value on the abscissa separating 20 % of the area of the null hypothesis H 0 ; δ: non centrality parameter, α: risk of type I error, β: risk of type II error. Figure . Power test of Viverone lake; see Figure 5 for explanation.
rossaro, Boggero, lods-Crozet, Free, lencioni, Marziali and wolfram: Benthic quality index in European lakes : Benthic quality index in European lakes 0 was the first step of the present investigation allowing the calculation of the sensitivity values for all the 177 species collected. The values were in agreement with the COI analysis results and with the species' presence -absence in reference and non-reference lakes; only two Chironomid species (Paratrichocladius rufuventris and Paratanytarsus lauterborni) and one undetermined Trichoptera species (Limnephilidae sp.) were absent in reference sites despite their high BQIW (> 0.6).
With the exception of these 3 species all the other species exclusive to reference sites had a high BQIW value (> 0.5), whereas all the species exclusive to non-reference sites had a low BQIW (< 0.5). These results support the good performance of the indices proposed, with emphasis on the following points: the observed benthic macroinvertebrate fauna allowed to assign all the reference Austrian lakes to the class "high", but the nonreference Anterselva and Braies lake could also be assigned to the class "high". Among the non reference lakes Como and Monate were assigned to the class moderate, Iseo, Levico and Viverone to the class "poor"; this classification was in agreement with TSI values, but the Monate lake gave a BQIES lower than expected by its TSI value. Anterselva was assigned to high class, but with an uncertainty greater than 20% (or with a power less than 80% ); further investigation is needed to reduce uncertainty. Future needs are the addition of new lakes to better understand the response of species to other impacts, such as hydromorphological alteration ) and the response to toxic substances.
Even if data were available about the response of single taxa to heavy metal concentration in lakes (Rizzo et al. 2011) , their influence on community composition is very poorly known; often the information is based on studies with larger taxonomic resolution carried out in rivers (Masson et al 2010) , little information is available about species response in lakes.
There is much debate whether species identification is really needed in comparison with a coarse taxonomic resolution (Greffard et al. 2011) ; our results confirm that uncertainties in taxonomic resolution may be critical in the assignment of a lake to a well-defined quality class; this is supported by two examples derived from the present dataset. The presence of an undetermined species (Limnephilidae sp.) in Anterselva and Braies lakes should be critical if an identified species of the same family would be found in other lakes; if so it should be impossible to know if the identified and the unidentified species are the same taxon. The second example is the presence of four taxa of Leptoceridae in the 5 Austrian lakes: Leptoceridae sp., Athripsodes sp., A. aterrimus and A. cinereus (see Table  3 ); the 4 taxa were identified at a different taxonomic level (family, genus, species); in the present case the slight different sensitivity value assigned to the four taxa would not be critical in assigning the lakes to the high class, but it is evident that it may not be true in other situations, so the finest taxonomic resolution is recommended. It must be emphasized that there is a greater chance to assign a lower sensitivity value to less resolved taxonomic groups, with this risk of misclassification: lower taxonomic resolution is associated with a larger risk to assign a poorer status to a water body!
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